The result of investigation and comparison of a series of transverse phase space painting schemes for the injection of SNS accumulator ring [I] is reported. In this computer simulation study, the focus is on the creation of closed orbit bumps that give desired distributions at the target. Space charge effects such as tune shift, emittance growth and beam losses are considered. The results of pseudo end-to-end simulations from the injection to the target through the accumulator ring and Ring to Target Beam Transfer (RTBT) system [2] are presented and discussed.
INTRODUCTION
At Brookhaven National Laboratory work is in progress for the design and construction of SNS accumulator ring system [l] . The system consists of a IMW, expandable to ZMW, accumulator ring At the target, the proton beam must meet stringent specifications, as listed in Table I , in consideration of the stress and lifetime of the target. The proton distribution at the target is crucially determined by the beam distribution in the ring. Furthermore, a proper proton distribution in the ring is critically dependent on the 6-dimensional phase space injectiodstacking method. Therefore, in order to obtain the desired proton distribution at the target, one must create a set of suitable closed orbit bumps at the injection that provide a proper phase space painting.
In the current H-charge exchange injection design 151, the horizontal and vertical bumps are formed by sets of four pulsed dipoles. The strengths of the dipoles, in each direction, can be programmed as functions of time during the injection to provide phase space painting. As a part of design study, we ask: (1) can the bumps, as in the current On the other hand, SIMPSONS is a powerful tool for extensive study of space charge effect. So, in this study, phase space painting is investigated with ACCSIM and space charge effect is done with SIMPSONS. Presently, efforts are been made [lo] in BNL to integrate various codes onto a common platform that accommodates 6-D painting and space charge effects together with magnet field error and misalignment analysis, magnetic fringe field mapping, and beam collimation.
All the physical quantities used in the simulations are chosen to he as close as possible to the specifications in the current design. The lattice functions and other salient parameters used in the simulations are listed in Table 2 . 
PHASE SPACE PAINTING
Since the beam is injected into the ring at a dispersion-free region [5], beam phase-space painting in the transverse direction is conveniently de-coupled from the longitudinal beam manipulation [Ill. Furthermore, painting in the horizontal and vertical direction can be adjusted independently. The injection system is designed to accommodate both x-y correlated and x-y anti-correlated painting schemes, illustrated in Fig. 1 . fig. 4 , is immune to the transverse coupling. Table 3 compares the two painting schemes.
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~i~~~~ 4 : phase space distribution at the end of injection achieved by a x-y anti-correlated phase space painting.
SPACE CHARGE EFFECT
We compare space charge effects between the beams in the current design of FODO nominal tune lattice and in an alternative design of FODO split tune lattice [E]
developed recently as part of design studies in BNL. 10' macro particles, with transverse phase space distribution similar to the one shown in Fig. 4 were tracked in the two lattices for 100 turns by SIMPSONS 2D code. Space charge effect in beams with peak current 0-IOOA, corresponding to the proton accumulation of 0-ZMW, was investigated. The rnis emittance growth and tune shift due to space charge as functions of peak current are shown in Fig. 5 and Fig. 6 respectively. The lattice functions and space charge effects in 2MW beams in the two lattices are compared in Table 4 . With the split tune lattice, the vertical beam envelope variation (p,J3m,n) is significantly reduced. Correspondingly, the vertical emittance and beam tailhalo generation is also dramatically reduced.
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PSEUDO END TO END SIMULATION
Driven by searching for suitable painting schemes, injections with various hump settings were simulated in the accumulator ring. Then particle distribution obtain from the ring simulations were tracked to the target through the RTBT line with PARMILA. PARMILA was modified to include scattering effect of a 4mm thick inconel window, which is about 2 meter from the target. Then the current distributions are checked against the beam requirement at the target. (Table 1 ) . It was fund that, in a 2-D plan of time constant and hump strength, there is a nice-sized region in which all the hump settings give satisfactory distributions. Fig. 7 shows one example of satisfactory distribution at the target that was achieved by the hump settings shown in Fig. 2 . Complete end-toend simulations, from the ion source to the target though linac, HEBT, accumulator ring and RTBT is in progress. 
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